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(a) a housing defining both at least one fluid-communication
opening and one or more air-release openings and (b) a mem-
brane defining an annular, self-sealing fluid-valve for sealing
said fluid-communication opening, where the fluid-valve
defines at least one aperture. The bulk feed adapter cap may
further comprise at least one fluid-communication cap.
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1
CONTAINER WITH SEALED CAP AND
VENTING SYSTEM

This application claims priority to provisional application
U.S. Ser. No. 61/294,377, filed Jan. 12, 2010.

BACKGROUND OF THE INVENTION

In the Neonatal Intensive Care Unit (NICU), breastmilk is
refrigerated in standard breastmilk collection containers.
Typically these containers have a volume of 80, 150, or 250
milliliters. The containers are commonly filled with enough
breastmilk to feed an infant over a period of 24 to 48 hours.
Breastmilk fortifiers are also added to this “bulk feed” as
prescribed for the infant and mixed into the breastmilk. An
amount of fortified breastmilk normally between 20 ml and
60 ml is then dispensed from this bulk feed for an individual
feeding every 2-4 hours. Feedings in the NICU are commonly
performed enterally. Enteral feeding of the neonate generally
requires that the breastmilk be drawn into a syringe (e.g., an
oral slip-fit or luer-type fit) from the collection container
containing the fortified breastmilk. This syringe is subse-
quently used with either a gravity system or enteral feeding
pump to feed an infant.

Nurses typically require two hands on the syringe to extract
milk from an open collection container. With two hands on the
syringe, a nurse has no hand available to stabilize the con-
tainer of milk being drawn from. This can result in spilling of
milk or other accidents. Mothers of premature infants often
do not produce an overabundance of breastmilk, so it is
desired to provide the neonate with all available milk.

In addition, prior to milk withdrawal, the exterior surface
of the syringe may potentially come into contact with an
unclean surface, perhaps bearing pathogens. This can resultin
contamination of the breastmilk supply when the syringe is
then dipped into the collection container for milk withdrawal.

SUMMARY OF THE INVENTION

In accordance with significant objectives of the invention,
anovel feed adapter cap claimed herein minimizes the risk of
contamination to the contents of the collection container, and
likewise lowers the risk that the contents will be spilled or not
fully dispensed.

Thus, in a first aspect, a feed adapter cap for a collection
container comprises: (a) a housing defining both a fluid-
communication opening and one or more air-release open-
ings and (b) a membrane defining an annular, self-sealing
fluid-valve for sealing the fluid-communication opening,
wherein the fluid-valve defines at least one aperture.

The foregoing membrane may include, for instance, a plug
element which is received within and closes the fluid-com-
munication opening. The tip of a syringe, luer or the like, is
then used to push the plug and membrane to a position which
then opens the aperture for fluid flow out.

In a second aspect, a bulk feed adapter cap for a collection
container comprises: (a) a housing defining at least one fluid-
communication opening, (b) one or more air-release open-
ings, and (c) at least one fluid-communication cap.

For example, an adapter cap for removal of fluid from a
container of the invention has a housing defining at least one
fluid-communication opening. A member is movably
mounted within the housing to close the fluid-communication
opening in a first position under force from a biasing element,
which may be a portion of the member itself, and movable
away from the fluid communication opening under influence
of'a force applied axially against the member (as by a syringe
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or luer tip), and against a bias of said biasing element. A fluid
channel is further formed in one or both of the housing and the
member, with the fluid channel communicating between the
fluid-communication opening and the interior of the con-
tainer, and being opened to fluid flow in a second position.

The member may be a membrane, with part of the mem-
brane forming a plug to close the fluid-communication open-
ing. It may further have a second plug portion which is sur-
rounded by a second plug annulus. This second annulus
provides a spring-like region permitting movement of the
second plug portion away from the airflow opening under
influence of a pressure change in the container interior, and
back toward the airflow opening when the pressure has equal-
ized.

In another aspect, the invention has an adapter cap for a
collection container comprising (a) a housing defining a fluid
communication opening, and (b) a membrane defining an air
release opening, where the membrane also functions as a seal
closure for the fluid communication opening.

In one version, the seal closure for the fluid communication
opening may be opened by inserting a luer type or oral fitting
type syringe into the fluid communication opening.

Inyeta further version, the seal closure, such as in the form
of an extended plug-like element, is extended up to the top
edge of the opening, so that it may be wiped clean prior to
inserting of a syringe.

Still another aspect of the invention has the adapter cap for
a collection container comprising (a) a housing defining a
fluid communication opening, and (b) a membrane defining a
seal between the housing and the collection container, where
the membrane also defines an air release opening (vent) and
(c) at least one fluid communication cap.

The invention also contemplates an adapter cap for a col-
lection container comprising (a) a housing defining a fluid
communication opening, and (b) a membrane defining a seal
between the housing and the collection container, where the
membrane also defines an air release opening (vent) and a seal
closure for the fluid communication opening.

An additional advantageous feature for the invention
includes a tube connected to a point above the air release
opening, with the tube extending into the container to a
desired point with the end of the tube away from the fluid
delivery outlet (such as to a point near the bottom of the
container (bottle)). Air entering the container in response to
fluid flow out will thus tend to be much less entrained in the
outflow, or even eliminated from mixing with the fluid.

The invention also contemplates a method of using the
adapter cap, comprising mounting a bulk feed adapter cap on
a collection container, and then inserting a needleless syringe
into a fluid-communication opening. This action axially dis-
places a fluid-valve. The collection container is inverted, with
the user then drawing on a plunger of the needleless syringe.
Equalization of the internal pressure of the collection con-
tainer occurs in the course of removing fluid. Returning the
collection container to an upright position, the fluid-valve
reseals the fluid-communication opening.

The present invention will be further appreciated, and its
attributes and advantages further understood, with reference
to the detailed description below of examples of presently
contemplated embodiments, taken in conjunction with the
accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1A is an elevational cross-sectional view of an
embodiment of a feed adapter cap made in accordance with
the invention, in position on a container;
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FIG. 1B is an exploded perspective view of the cap of FIG.
1A showing a housing and membrane;

FIG. 1C is a perspective view of the feed adapter cap on the
collection container shown in FIG. 1A;

FIG. 1D is an enlarged cross-sectional view of part of the
housing’s lip and the collection container shown in FIG. 1A;

FIG. 1E is a top view of the membrane shown in FIG. 1B;

FIG. 1F is a side view of the membrane of FIG. 1E;

FIG. 1G is a bottom view of the membrane of FIG. 1E;

FIG. 1H is a view similar to that of FIG. 1D, but of a variant
having the membrane serving as a gasket;

FIG. 11 is an enlarged view of the fluid-communication
opening of FIG. 1A, but with a modified raised member
extending to the edge of the opening;

FIG. 2A is an elevational cross-sectional view of another
embodiment of a feed adapter cap made in accordance with
the invention, in position on a container;

FIG. 2B is an exploded perspective view of the cap of FIG.
2 A showing a housing and membrane;

FIG. 2C is a perspective view of the feed adapter cap on the
collection container as shown in FIG. 2A;

FIG. 2D is a top view of the membrane of FIG. 2B;

FIG. 2E is a side view of the membrane of FIG. 2D;

FIG. 2F is a bottom view of the membrane of FIG. 2D;

FIG. 3A is an elevational cross-sectional view of yet
another embodiment of the feed adapter cap with a fluid-
communication-pull cap made in accordance with the inven-
tion, in position on a container;

FIG. 3B is a top view of the feed adapter cap with a
fluid-communication-pull cap of FIG. 3A;

FIG. 3C is a perspective view of the feed adapter cap with
a fluid-communication-pull cap of FIG. 3A;

FIG. 4A is an elevational cross-sectional view of still
another embodiment of a feed adapter cap with one or more
recessed air-release openings and an umbrella valve seal
made in accordance with the invention, in position on a con-
tainer;

FIG. 4B is a perspective view of the feed adapter cap of
FIG. 4A, with an umbrella valve seal removed;

FIG. 4C is a perspective view of the collection container
and feed adapter cap thereon of FIG. 4A;

FIG. 5A is an elevational cross-sectional view of still
another embodiment of a collection container and the feed
adapter cap with a tube, made in accordance with the inven-
tion;

FIG. 5B is a top view of the feed adapter cap of FIG. 5A;

FIG. 5C is an enlarged cross-sectional view of the feed
adapter cap on the container of FIG. 5A;

FIG. 5D is a perspective view of the feed adapter cap and
tube of FIG. 5A;

FIG. 5E is a similar view, although only of a part, to that of
FIG. 5A, showing a variant on the tube arrangement therein;

FIG. 6A is a cross-sectional view of another embodiment
of'a collection container and feed adapter cap with a plurality
of fluid-communication openings, made in accordance with
the invention;

FIG. 6B is a top view of the feed adapter cap of FIG. 6A;

FIG. 6C is a perspective view of the feed adapter cap of
FIG. 6A,;

FIG. 7A is an elevational cross-sectional view of a further
embodiment of a feed adapter cap with a sizing cap and
fluid-communication cap tethered to the housing, made in
accordance with the invention;

FIG. 7B is a top view of the feed adapter cap of FIG. 7A;

FIG. 7C is a reduced perspective view of the feed adapter
cap of FIG. 7A;
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FIG. 8 is a side view of a syringe inserted into the feed
adapter cap of FIG. 4A;

FIG. 9A is an elevational cross-sectional view of a syringe
inserted into the feed adapter cap of FIG. 2A; and

FIG. 9B is an elevational cross-sectional view of a syringe
inserted into the feed adapter cap of FIG. 1A.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

In a first aspect, as shown in FIGS. 1A and 2A, a feed
adapter cap 10 for a collection container 50 comprises: (a) a
housing 15 defining both a fluid-communication opening 20
and one or more air-release openings or vents 25; and (b) a
membrane 30 defining an annular, self-sealing fluid-valve 35
therein for sealing the fluid-communication opening 20. The
fluid-valve 35 defines at least one aperture 40; here plural
apertures 40 are provided. The cap 10 will often be referred to
herein as a bulk adapter cap, in that material “in bulk” carried
by the container is to be transferred to another container (such
as a syringe).

The housing 15 has an internally threaded collar 45 that is
adapted to be received by a collection container 50 with
mating threads, and has a top surface that defines the fluid-
communication opening 20 and one (or more) air-release
openings 25. The collection container 50 refers to a container
that houses fluids, such as breastmilk. When the housing 15 is
affixed to a collection container 50 with a 6 in-Ib torque, the
housing 15 will maintain a leak-proof seal. This leak-proof
seal will continue even when the container 50 is inverted and
has an internal pressure of 5 psi, which approximates a “worst
case” scenario if a nurse overdraws the breastmilk and re-
injects 10 ml of milk. The cap 10 can be attached to the
container 50 opening or mouth, through other means, such as
a snap-fit, just for one other example.

In this embodiment, shown in FIG. 1D, the housing 15 may
further define an internal flexible annular lip 55, tapered for an
interference fit with the internal wall of the collection con-
tainer 50 near the mouth, such that the collection container 50
is sandwiched between the collar 45 and annular lip 55. The
housing 15 may be made of many materials, for example,
plastic or metal, and is preferably made of polypropylene or
other food-compatible plastic.

The fluid-communication opening 20 is adapted to receive
an oral-tip, luer, or any other needleless syringe 60 (see, e.g.,
FIGS. 9A and 9B) to transfer the contents of the collection
container 50 to the syringe 60 or vice versa. “Needleless”
simply implies a widened opening to the syringe for delivery
of liquids externally (as opposed to subcutaneous use). Also,
like numbers indicate like elements throughout the drawings;
primed numbers indicate a like element that has been modi-
fied to some extent.

In one embodiment, displayed in FIGS. 2A-F, the fluid-
communication opening 20 is substantially centered in the
housing 15, and the air-release opening 25 is off-center in the
housing 15. Alternatively, FIGS. 1A-G show that both the
fluid-communication opening 20 and the air-release opening
25 are off-center in the housing 15. The purpose of off-setting
the air-release opening 25 from the fluid-communication
opening 20 is to prevent air bubbles that are entering the
collection container 50 from being caught in the fluid-draw
into the syringe 60, for instance (e.g., FIG. 4A).

The fluid-communication opening 20 protrudes from the
housing 15 (see e.g., FIGS. 1A-1C and 2A-2C). In some
embodiments, the fluid-communication opening 20 is sub-
stantially funnel-shaped, as shown in FIGS. 2,4, 5,7, and 8.
As used herein, the funnel-shape may be shallow (FIGS.
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2A-C), or elongated (FIGS. 5A, 7A), or taper at different
slopes leading to the fluid-communication opening 20 (FIGS.
4A-C, 8).

The air-release opening 25 allows air to enter and exit a
collection container 50 to maintain the internal pressure of the
container 50. The one or more air-release openings 25 are
shown as a circular hole (FIGS. 1A-D, 5A, 5C, 7A-B) or
kidney-shape (FIGS. 2A-C). The air release opening(s) may
take any form as long as they are large enough to allow air to
pass through to relieve pressure build-up during breastmilk
transfer. In one embodiment, as shown in FIGS. 2A-C, the
bulk feed adapter cap 10 further comprises a microhole cov-
ering that seals the air-release opening 25. The microhole
covering is a semi-permeable membrane that allows air to
enter or exit but does not permit the passage of fluids.

In another embodiment, the one or more air-release open-
ings 25 are recessed within the housing 15 (FIGS. 3A, 4A,
5A, 5C, 7A). By recessing the air-release openings 25 the
likelihood is reduced that air bubbles will be caught in the
fluid-draw into the syringe 60. In yet another embodiment, the
air-release openings 25 are sealed via an umbrella valve seal
65. Such umbrella valves are common, such as shownin U.S.
Pat. No. 7,302,971. As shown in FIGS. 3A and 4A, the
umbrella valve seal 65 is located on the interior of the housing
15. When the interior of the collection container 50 is not
under a reduced or negative pressure (relative to ambient
pressure), the umbrella valve seal 65 is closed, due to its
natural bias. Once material is withdrawn from the collection
container 50, the umbrella valve 65 opens (unseats) to allow
air to pass into the container 50. Thus, during fluid transfer to
a syringe 60, the umbrella valve 65 is subsequently drawn
open due to a change in internal pressure in the collection
container 50. Other valve types may be used in place of an
umbrella valve, for example a slit valve may be used.

In still another embodiment, illustrated in FIGS. 5A-D,
instead of an umbrella valve, the one or more air-release
openings 25 are surrounded by a long tube 70 that has a length
that terminates near the bottom of the collection container 50.
Inside of a widened part 80 of the long tube 70 at the top
thereof is a second short tube 72. Short tube 72 opens into a
shallow well 74 formed into the cap 10, at short tube 72
opening 76. An annular gap 75 (see FIG. 5C) exists between
the tube 70 and the tube 72 forming a chamber in order to
capture fluid that collects in the tube 70 when the collection
container 50 is inverted. When the container 50 is tipped, or
completely inverted, the fluid in long tube 70 can flow into the
gap or chamber 75, rather than spilling out (a small amount
may pass through) short tube 72 in some circumstances. Air
can now likewise pass through short tube opening 76 as fluid
is withdrawn from the container 50, traveling via long tube 70
into the (now inverted) bottom of container 50. In this manner,
air does not become entrained in the fluid being removed. The
volume of this annular gap or chamber 75 may vary, so as to
prevent fluid from leaking out of the air-release opening 76.
When the collection container 50 is returned to the upright
position, the fluid will drain back down the tube 70 and into
the collection container 50. As shown in FIG. 5E, an alternate
embodiment is to add a valve, for example, an umbrella valve
65', to the bottom of the tube 70. This valve prevents fluid
from entering the tube at the bottom. Here, the tube is also
shown connected directly to the housing 15 at the tube open-
ing 76', which could be by an interference fit, welding or the
like.

The membrane is a flexible member made of a polymeric
blend, silicone or rubber, for example. The membrane 30 is
capable of being axially displaced, then returning to its origi-
nal position due to its spring-like properties. The membrane
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30 may be attached to the housing 15 using any conventional
means, such as a press-fit. As shown in FIGS. 1A and 2A, the
housing’s annular lip 55 defines an annular-detent ring 95
(which could also be a plurality of individual detents) to allow
the membrane 30 to snap-fit into the housing 15. The housing
15 and membrane 30 may define other male and female
components on their mating surfaces for coupling the mem-
brane 30 to the housing 15, as discussed below. The mem-
brane 30 could also be captured between the housing interior
and the container mouth opening, thereby also serving as a
sealing gasket (see FIG. 1H). In embodiments in which the
air-release opening 25 is recessed, the membrane 30 may
define an additional opening sized to accommodate the recess
but small enough to provide a fluid-tight seal.

Referring back to FIGS. 1A and 1B, an annular, self-seal-
ing fluid-valve 35 comprises a plug 100 and an annulus 105
(see FIGS. 1E-1G) that is convex relative to the housing 15.
The fluid-valve 35 further defines at least one aperture 40
(here, a plurality of apertures 40) to allow fluid communica-
tion between the collection container 50 and a syringe 60
when the fluid-valve 35 is axially displaced (as shown in
FIGS. 9A-B). The flexible annular portion 105 of the fluid-
valve 35 has spring-like properties that allow the fluid-valve
35 to be axially displaced by a syringe 60 and then rebound
back to the original sealed position (shown in FIGS. 1A, 2A)
upon removal of the syringe, forcing the plug 100 against the
fluid-communication opening 20. The plug 100 may contain
an annular channel 110 (FIGS. 1A, 2A-B, D) or shoulder to
mate with the fluid-communication opening 20. In one
embodiment, displayed in FIGS. 2A-B, D-E, the annular,
self-sealing fluid-valve 35 defines at least one raised member
115 on the depressed core 100. The raised member 115 may
take the form of one or more ribs or nubs, for example, and
functions like a plug, at least in the area of the base thereof.
The principal purpose of the raised member 115 at its top,
however, is to contact the end of the syringe 60 to effect the
displacement of the valve 35 as well as to prevent the
depressed core 100 from blocking the entire syringe-inlet and
to strengthen the plug. In one preferred embodiment, the plug
115 is elongated such that it is flush or proud to opening 20
(see FIG. 1I). The end of the raised member 115 may then be
swabbable with an antiseptic cloth prior to insertion of the
syringe to maintain a clean fluid path.

In one embodiment, in FIGS. 1A-1G, the membrane 30
further defines an annular, self-sealing air-valve 125. Annu-
lar, self-sealing air-valve 125 comprises a plug 130 and an
annulus 135 that is convex relative to the housing 15. The
air-valve 125 further defines at least one aperture 140 (here, a
plurality of apertures 40) to allow air to flow between the
collection container 50 and the atmosphere to equalize pres-
sure. The flexible annulus 135 of the air-valve 125 has spring-
like properties that allow the air-valve 125 to be axially dis-
placed (not shown) by a build-up of internal pressure in the
collection container 50 and then rebound back to the original
sealed position (shown in FIG. 1A) upon pressure equaliza-
tion. The annulus 135 forces the plug 130 against the hous-
ing’s air-release opening 25. In addition, the plug 130 may
contain an annular channel 145 (FIG. 1A) or a shoulder to
mate with the air-release opening 25.

As shown in FIGS. 1A-B, the self-sealing fluid- and air-
valves 35, 125 are each circumscribed by an annular-female
channel 150 for receiving a male detent ring 155 on the
underside of the housing 15. Affixing the membrane 30 to the
housing 15 in this manner allows the fluid-valve 35 to be
axially displaced by a syringe 60 without prematurely dis-
placing the air-valve 125. Alternatively, the housing 15 may
define the continuous female channel 150, while the mem-
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brane 30 defines the male detent ring 155. In addition, the
membrane 30 and housing 15 may define many other arrange-
ments of male/female components on their mating surfaces to
affix the membrane 30 to the housing 15. For example, the
continuous female channel 150 and male detent 155 may take
any shape, including a square, hexagon, or triangle. Other
female/male connectors may be discrete and not continuous.
These female/male connectors on the housing 15 and mem-
brane 30 allow the membrane 30 to be sized to accommodate
a recessed air-release opening 25 and/or tube 70 (FIGS.
5A-5C). Alternatively, the membrane’s static mating surface
may be affixed to the housing 15 with an adhesive.

In use, the feed adapter cap 10 is mounted to a collection
container 50. Then the user inserts the syringe 60 into the
fluid-communication opening 20, axially displacing the
fluid-valve 35. The user then inverts the collection container
50 and draws on the syringe plunger, applying a suction to the
contents of the collection container 50. As a result, the air-
valve 125 opens during the fluid transfer as the internal pres-
sure of the collection container 50 increases. After the syringe
60 has been filled and subsequently removed, the fluid-valve
35 returns to the closed, sealed position.

In a second aspect, the bulk feed adapter cap 10 for a
collection container 50 comprises: (a) a housing 15 defining
at least one fluid-communication opening 20, (b) one or more
air-release openings 25, and (c) at least one fluid-communi-
cation cap 160 (see FIGS. 2A-2C and 9A).

In one embodiment, at least one fluid-communication
opening 20 is substantially centered in the housing 15, and the
air-release opening 25 is off-center in the housing 15. Alter-
natively, all the fluid-communication openings 20 and the
air-release opening 25 are off-center in the housing 15 (FIGS.
6A-C).

In another embodiment, the bulk feed adapter cap 10 fur-
ther comprises a collection container 50. In this embodiment,
the base 165 of the collection container 50 (see FIG. 6A)
contains one or more air-release openings 25, which are
sealed via an umbrella valve seal 65, shown in FIG. 6 A. When
the collection container 50 is upright, gravity and the contents
of the container close the umbrella valve seal 65. As the
container 50 is inverted, the umbrella valve seal 65 opens due
to gravity and a change in internal pressure.

As illustrated in FIGS. 6B-C, in another embodiment, the
housing 15 defines a plurality of fluid-communication open-
ings, where at least one fluid-communication opening 170 is
adapted to receive an oral syringe and at least one fluid-
communication opening 175 is adapted to receive a luer
syringe. The plurality of fluid-communication openings 20
may alternatively be adapted to receive any combination of
needleless syringes 60.

In this embodiment, at least one fluid-communication cap
162 is tethered to the housing 15 via tethers 168. FIGS. 5A-D
and 7A, 7B show an example of another fluid-communication
cap 163. Likewise, FIGS. 6B-C illustrate multiple caps, each
of which can be adapted to fit different fluid-communication
openings 170, 175. For example, FIG. 6B shows two oral-tip-
type fluid-communication caps 162 and one luer-type cap
185. In an alternative embodiment, at least one fluid-commu-
nication cap 160 is attached to the housing 15 via a living
hinge (FIGS. 2A-2C) and the cap 160 defines a nub or plug
180. Each fluid-communication cap 160 may engage the
perimeter of the housing 15, as shown in FIGS. 2A-C, or may
engage only the individual fluid-communication openings
20, as shown in FIGS. 6B-C.

In a further embodiment, displayed in FIGS. 5A-D, the
bulk feed adapter cap 10 may further comprise a sizing cap
190 tethered via arm 192 to the housing 15. The sizing cap
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190 may be inserted into the fluid-communication opening 20
to accommodate a smaller sized oral-tip syringe 60.

In use of the afore-described embodiment, the bulk feed
adapter cap 10 is mounted to a collection container 50. Then
the user removes a fluid-communication cap, such as cap 160,
and inserts the needleless syringe 60 into the fluid-commu-
nication opening 20. The user then inverts the collection
container 50 and draws on the syringe plunger, applying a
vacuum pressure to the contents of the collection container
50. In response, the air-valve 125 opens during the fluid
transfer as the internal pressure of the collection container 50
increases. When the syringe 60 is filled, the collection con-
tainer 50 is placed in the upright position and the fluid-
communication cap 160 is replaced on the fluid-communica-
tion opening 20.

In a third aspect of the invention, the bulk feed adapter cap
10 comprises: (a) a housing 15 defining at least one fluid-
communication opening 20, (b) an air-release opening 25,
and at least one fluid-communication-pull cap 195, shown in
FIGS. 3A-C. The housing 15 defines a first protruding hollow
cylinder 200. Disposed within the first hollow cylinder 200 is
a second cylinder 205 that may be either solid or hollow, but
is closed, with an annular shoulder 210 along its top surface.
The second cylinder 205 is connected near its base at 206 to
a portion of the first hollow cylinder 200. The unattached
portion of the second cylinder 205 is spaced from the interior
sidewall of cylinder 200, and thereby defines a fluid-commu-
nication channel 208. This arrangement also results in an
annular gap 215 between the first and second cylinders 200,
205.

The pull cap 195 is preferably substantially cylindrical
with a hollow interior. At one end, the pull cap 195 defines an
opening 220 sized to receive a needleless syringe 60. The pull
cap 195 further defines an annular detent 225 about the exte-
rior of the other end that is disposed within the annular gap
215 between the first and second cylinders 200, 205 of the
housing 15, thereby sealing the channel 208. This can be a
friction fit, or the housing’s first cylinder 200 may define two
spaced-apart annular channels 226, 227 on its interior surface
to interface with the pull cap’s annular detent 225. The pull
cap 195 also defines an annular shoulder 230 on its interior
diameter, such that, when the pull-cap detent 225 is engaged
with the first cylinder’s lower annular channel 226, the pull-
cap shoulder 230 interfaces with the second cylinder’s shoul-
der 210, further creating a fluid-tight seal. When the pull-cap
detent 225 is moved to engage the first cylinder’s higher
annular channel 227, the shoulders 210, 230 are spaced apart
(not shown) and the fluid-communication channel 208 is
unobstructed, and a syringe may be engaged with the outside
of'the cylinder 200 to remove fluid from the container 50. The
user pulls the pull cap 195 to open and pushes the pull cap 195
to close the collection container 50.

Note that many aspects of the foregoing embodiments may
be combined together to practice the claimed invention. Thus,
while a multitude of embodiments have been variously
described herein, those of skill in this art will recognize that
different embodiments show different potential features/de-
signs that can be used in the other embodiments. Even more
variations, applications and modifications will still fall within
the spirit and scope of the invention, all as intended to come
within the ambit and reach of the following claims.

The invention claimed is:

1. A cap for a container comprising:

a cap housing defining a fluid-communication opening
therein through which material in a container to which
said cap housing is attached may be accessed;
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a membrane mounted to said cap housing sealing said
fluid-communication opening in a first position, said
membrane being movable away from said fluid-commu-
nication opening in a second position, said membrane
defines a solid plug which is received within and closes
said fluid-communication opening in said first position
and which is displaced from and opens said fluid com-
munication opening in said second position, said mem-
brane defines a plurality of apertures arranged about a
perimeter of said plug.

2. The device of claim 1, wherein said membrane snap-fits

into said cap housing.

3. The device of claim 1, wherein said plug has at least one
raised member thereon in the form of a rib.

4. The device of claim 1, wherein said plug is surrounded
by an annular channel formed in said membrane, said annular
channel providing flexibility for movement of said plug
toward and away from said fluid-communication opening.

5. The device of claim 1, wherein said membrane further
defines a self-sealing one-way air-valve for airflow into the
container through an airflow opening defined in said cap
housing.

6. The device of claim 5, wherein said fluid-communica-
tion opening is substantially centered in said cap housing, and
wherein said air-valve is off-center in said cap housing.

7. The device of claim 5, wherein said air-flow opening is
sealed via an umbrella valve seal.

8. The device of claim 1, further including an airflow open-
ing in said cap housing, said airflow opening communicating
with a tube that has a length that terminates between the
midpoint and bottom of said container.

9. The device of claim 1, wherein said fluid-communica-
tion opening protrudes from said cap housing.

10. The device of claim 9, wherein said fluid-communica-
tion opening is in part funnel-shaped.

11. The device of claim 9, wherein said fluid-communica-
tion opening is adapted to receive an oral syringe.

12. The device of claim 9, wherein said fluid-communica-
tion opening is adapted to receive a luer syringe.

13. A method using the cap of claim 1, comprising:

mounting a bulk feed adapter cap on a collection container;

inserting a needleless syringe into a fluid-communication
opening, displacing a fluid-valve;

inverting the collection container;

drawing on a plunger of the needleless syringe;

equalizing the internal pressure of the collection container;

returning the collection container to an upright position;
and

in response, the fluid-valve resealing the fluid-communi-
cation opening.

14. An adapter cap for removal of fluid from a container

comprising:

ahousing defining at least one fluid-communication open-
ing;

amember defines a biasing element in the form of a flexible
annulus, said member movably mounted within said
housing to close said fluid-communication opening in a
first position under force from said biasing element and
movable away from said fluid communication opening
under influence of a force applied against said member
and against a bias of said biasing element; and

a fluid channel formed in one or both of said housing and
said member, said fluid channel communicating
between said fluid-communication opening and an inte-
rior of the container and being opened to fluid flow in a
second position; and
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one or more air-release openings in said housing for allow-
ing airflow into the container when fluid is withdrawn
therefrom and wherein said one or more air-release
openings are sealed via a valve.

15. The device of claim 14, wherein said one or more
air-release openings are spaced from said fluid-communica-
tion opening so as to substantially prevent air becoming
entrained in fluid being removed.

16. The apparatus of claim 14, wherein the valve comprises
an umbrella valve at a recessed end of said one or more
air-release openings.

17. The apparatus of claim 14, wherein said one or more
air-release openings are surrounded by a tube that has a length
that terminates between the midpoint and bottom of said
container.

18. The apparatus of claim 14, further comprising said
container, wherein said container is a collection container,
wherein a base of said collection container contains said one
or more air-release openings that are sealed via an umbrella
valve seal.

19. The apparatus of claim 14, wherein said at least one
fluid-communication opening protrudes from said housing.

20. The apparatus of claim 14, wherein said at least one
fluid-communication opening is substantially funnel-shaped.

21. The apparatus of claim 14, wherein said at least one
fluid-communication opening is adapted to receive an oral
syringe.

22. The apparatus of claim 14, wherein said at least one
fluid-communication opening is adapted to receive a luer
syringe.

23. The apparatus of claim 14, wherein the housing defines
a plurality of fluid communication openings.

24. The apparatus of claim 23, wherein at least one of the
plurality of fluid-communication openings is adapted to
receive an oral syringe, and wherein at least one of the plu-
rality of fluid-communication openings is adapted to receive
a luer syringe.

25. The apparatus of claim 14, wherein at least one fluid-
communication cap is tethered to said housing.

26. The apparatus of claim 14, wherein at least one fluid-
communication cap is attached to said housing via a living
hinge.

27. The apparatus of claim 14, further comprising a sizing
cap tethered to said housing.

28. A method using the adapter cap of claim 14, compris-
ing:

mounting a bulk feed adapter cap on a collection container;

removing a fluid-communication cap;

inserting a needleless syringe into a fluid-communication

opening;

inverting the collection container;

drawing on a plunger of the needleless syringe;

equalizing the internal pressure of the collection container;

and

replacing the fluid-communication cap on the fluid-com-

munication opening.
29. A cap for a container, comprising:
a fluid communication opening defined in a cap housing,
said fluid communication opening communicating with
a container interior; and

a membrane, wherein said membrane seals said fluid com-
munication opening, said membrane having a plug por-
tion which is surrounded by an annulus, wherein said
annulus has a convex shape relative to a bottom surface
of said cap housing, said annulus providing a spring-like
region permitting movement of said plug portion away
from said fluid communication opening under influence
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of a force applied against said plug portion and back
toward said fluid communication opening when said
force is removed, said plug portion closing said fluid
communication opening in a first position and opening
said fluid communication opening in a second position
to permit fluid in said container interior to egress through
said fluid communication opening.

30. The device of claim 29, further comprising:

an airflow opening defined in said cap housing, said airflow
opening communicating with said container interior.

31. The device of claim 30, wherein said membrane seals
said airflow opening.

32. The device of claim 31, wherein said membrane has a
second plug portion which is surrounded by a second annulus,
said second annulus providing a spring-like region permitting
movement of said second plug portion away from said airflow
opening under influence of a pressure change in said con-
tainer interior and back toward said airflow opening when
said pressure has equalized, said plug portion closing said
airflow opening in a first position and opening said airflow
opening in a second position to permit air to enter or leave said
container interior.

33. The device of claim 29, wherein said membrane snap-
fits into said cap housing.

34. The device of claim 29, wherein said plug has at least
one raised member thereon in the form of a rib.

35. A cover for a container, comprising:

a material communication opening defined in a cover, said
material communication opening communicating with a
container interior; and

a membrane, wherein said membrane seals said material
communication opening, said membrane having a plug
portion which is surrounded by an annulus, wherein said
annulus has a convex shape relative to a bottom surface
of'said cover, said annulus providing a spring-like region
permitting movement of said plug portion away from
said material communication opening under influence
of a force applied against said plug portion and back
toward said material communication opening when said
force is removed, said plug portion closing said material
communication opening in a first position and opening
said material communication opening in a second posi-
tion to permit material in said container interior to egress
through said material communication opening.

36. The device of claim 35, further comprising:

an airflow opening defined in said cover, said airflow open-
ing communicating with said container interior.

37. The device of claim 36, wherein said membrane seals

said airflow opening.

38. The device of claim 37, wherein said membrane has a
second plug portion which is surrounded by a second annulus,
said second annulus providing a spring-like region permitting
movement of said second plug portion away from said airflow
opening under influence of a pressure change in said con-
tainer interior and back toward said airflow opening when
said pressure has equalized, said plug portion closing said
airflow opening in a first position and opening said airflow
opening in a second position to permit air to enter or leave said
container interior.

39. The device of claim 35, wherein said membrane snap-
fits into said cover.

40. The device of claim 35, wherein said plug has at least
one raised member thereon in the form of a rib.

41. A closure for a container, comprising:

a fluid communication opening defined in a closure, said

fluid communication opening communicating with a
container interior; and

10

15

20

25

30

35

40

45

50

55

60

12

a flexible member, wherein said flexible member seals said
fluid communication opening, said flexible member
comprising a plug portion coupled to an annular collaps-
ible member, wherein said annular collapsible member
has a convex shape relative to a bottom surface of said
closure, said collapsible member having a spring-like
region permitting movement of said plug portion away
from said fluid communication opening under influence
of a force applied against said plug portion and back
toward said fluid communication opening when said
force is removed, said plug portion closing said fluid
communication opening in a first position and opening
said fluid communication opening in a second position
to permit fluid in said container interior to egress through
said fluid communication opening.

42. The device of claim 41, further comprising:

an airflow opening defined in said closure, said airflow
opening communicating with said container interior.

43. The device of claim 42, wherein said flexible member
seals said airflow opening.

44. The device of claim 43, wherein said flexible member
has a second plug portion which is surrounded by a second
annulus, said second annulus providing a spring-like region
permitting movement of said second plug portion away from
said airflow opening under influence of a pressure change in
said container interior and back toward said airflow opening
when said pressure has equalized, said plug portion closing
said airflow opening in a first position and opening said air-
flow opening in a second position to permit air to enter or
leave said container interior.

45. The device of claim 41, wherein said plug has at least
one raised member thereon in the form of a rib.

46. A cap for a container, comprising:

a fluid communication opening defined in a cap housing
having a top surface and a collar, said fluid communica-
tion opening configured to communicate with a con-
tainer interior, said fluid communication opening pro-
trudes from said top surface of said cap housing in a
direction away from said collar and is adapted to receive
a tip of a needleless syringe, wherein the top surface of
the cap housing defines a recessed portion having a
tubular sidewall that extends into and terminates in a
region surrounded by said collar; and

an airflow opening defined in a bottom surface of said
recessed portion of said cap housing such that said air-
flow opening is recessed away from said top surface of
said cap housing and into said container interior,
wherein said fluid communication opening and said
recessed airflow opening are each arranged off-center
with respect to said top surface of said cap housing.

47. The device of claim 46, wherein said airflow opening is
sealed by an umbrella valve.

48. The device of claim 46, wherein said fluid communi-
cation opening is spaced apart from said airflow opening
along said top surface of said cap housing.

49. The device of claim 46, wherein said airflow opening is
spaced from said fluid-communication opening so as to sub-
stantially prevent air becoming entrained in fluid being
removed.

50. The device of claim 46, further comprising a valve in
communication with said airflow opening, wherein said valve
has a first position that seals said airflow opening and has a
second position that opens said airflow opening permitting air
to enter said container interior during removal of a fluid from
said container interior.
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51. A method using the cap of claim 46, comprising:

mounting an adapter cap on a collection container, wherein
said adapter cap comprises a bulk feed adapter cap;

inserting a feeding syringe into a fluid-communication
opening; 5

inverting said collection container;

drawing on a plunger of said feeding syringe; and

equalizing an internal pressure of said collection container.
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